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TITLE OF THE INVENTION 
Card Connector 

TECHNICAL FIELD 

The present invention relates to a card connector 
for connecting an IC card to an electronic device, 
such as a cellular phone, a telephone, a PDA (personal 
digital assistant), a portable audio device and a 
camera etc., and more specifically to a structure of 
various switches installed in the connector. 
BACKGROUND ART 

In electronic devices such as cellular phones , 
telephones, PDAs and digital cameras, a variety of 
functions are added by inserting an IC card with a 
built-in memory or control ICs, such as a SIM 
(subscriber identity module), an MMC (multimedia card), 
a Smart Media (tradename) and an SD (super density or 
secure digital) card. 

In a connector structure for removably 
accommodating such an IC card, a plurality of contact 
terminals made from a metal leaf spring are provided 
in a connector housing to make contact with a 
plurality of contact pads formed on the front or back 
surface of the inserted IC card to electrically 
connect the IC card to the electronic device mounting 
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that connector. The contact pads of the IC card 
include a power supply pad connected to a power supply 
line and a plurality of signal pads for transferring 
various signals . These contact pads are connected via 
5 the contact terminals of the card connector to a power 
supply circuit and various signal processing circuits 
in the electronic device. 

The IC card of this kind normally employs some 
means for prohibiting writing operations in order to 

10 protect information stored in its internal memory. One 
such means is a write protect button that can slide 
between two positions, as in a floppy disk. In such a 
slide button system, the card is provided with a write 
protect button that can slide between two positions 

15 and which, when it is situated at one position, sets 
the card to a write -disable state and, when it is slid 
to the other position, sets it to a write-enable state. 
On the connector side, a detector needs to be provided 
that detects the slide positions of the write protect 

20 button. 

Further, in addition to the slide position signal 
of the write protect button, the electronic device 
often calls for a signal indicating whether the card 
is inserted or not. Hence, the connector should also 
25 be provided with a detector for checking the card 
insertion. 

As a sensor structure for detecting a variety of 



these states, a light-based sensor structure may be 
conceived. The light -based sensor structure, however, 
has drawbacks that a sufficient detection precision 
cannot be expected as the card becomes thinner and 
5 smaller and that the installation of a light sensor 
can be a hindrance to reductions in size and cost . 
Hence, a sensor structure utilizing engagement and 
disengagement of a contact leaf spring is considered 
the most promising structure overall. 

10 When these detectors are to be constructed of 

contact leaf springs, because each detector requires a 
pair of contact leaf springs, the total number of 
contact leaf springs and contact leaf spring support 
structures required in the connector as a whole is two 

15 times the number of detectors. 

Such a construction therefore has a large number 
of parts making up the detectors and requires a large 
space to accommodate these parts, which is detrimental 
to reducing the weight, thickness and size of the 

20 connector structure. 

The present invention has been accomplished under 
these circumstances. It is an object of the present 
invention to solve the above -described problems by 
providing a card connector which can construct one or 

25 more switches in the connector with a reduced number 
of parts and accommodate these switches in a smaller 
space efficiently. 
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DISCLOSURE OF THE INVENTION 

According to one aspect of the present invention, 
a card connector is provided, which comprises: a 
connector housing having a lower housing and a metal 
upper housing; contact terminals arranged to engage 
external contacts of a card inserted into the 
connector housing; and one or more switches each 
operated by an engagement and disengagement of a pair 
of metal pieces; wherein one of the each pair of metal 
pieces making up each of the switches is formed in the 
metal upper housing. 

In this invention, one of each pair of metal 
pieces making up each of the switches is formed in the 
metal cover body made from a worked metal sheet. This 
construction can reduce the number of parts of the 
switches and also the space of the connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing an example of an IC 
card for insertion into a card connector of this 
invention . 

Fig. 2 is an exploded perspective view showing an 
outline construction of one embodiment of the card 
connector according to the invention. 

Fig. 3 is an exploded perspective view showing an 
outline construction of the embodiment of the card 



connector according to the invention. 

Fig. 4 is an exploded perspective view showing an 
outline construction of the embodiment of the card 
connector according to the invention. 
5 Fig. 5 is an enlarged perspective view showing an 

embodiment of a switch structure on a write protect 
switch side. 

Fig. 6A and Fig. 6B are schematic diagrams 
showing the operation of the write protect switch. 
10 Fig. 7 is an enlarged perspective view showing an 

embodiment of a switch structure on a card recognition 
switch side. 

BEST MODE FOR CARRYING OUT THE INVENTION 
15 Now, embodiments of the present invention will be 

described in detail with reference to the accompanying 
drawings . 

Fig. 1 is a plan view showing an example of an IC 
card to be inserted into the card connector of this 

20 invention. 

The IC card 1 has a recess 2 formed in its side 
surface in which a write protect button 3 can be slid 
in the card insertion/retraction direction (direction 
of arrow A). In this case, the write protect button 3 

25 can assume either of two positions, a protect -off 

(write-enable) position indicated by a solid line and 
a protect-on (write -disable) position indicated by a 



dashed line, and can be slid between these two 
positions. That is, the card 1 is write-enabled when 
the write protect button 3 is set to a rear part 2b of 
the recess 2 and write -disabled when the bottom 3 is 
5 set to a front part 2a of the recess 2. Though not 
shown in Fig. 1, the back surface of the card 1 is 
formed with a plurality of contact pads, including 
power supply pads and signal pads, which come into 
contact with the contact terminals on the connector 
10 side. 

Fig. 2 and Fig. 3 show the outline structure of 
the connector 10 that receives the IC card 1. Fig. 4 
is a perspective view of the connector 10 as viewed 
diagonally from behind. The connector 10 is secured to 

15 an appropriate location on an electronic device, such 
as a cellular phone, a telephone, a PDA, a portable 
audio device and a camera. 

In Fig. 2 to Fig. 4, the connector 10 has a lower 
housing 20 and an upper housing (upper cover body) 30. 

20 The lower housing 20 is made from an insulating 

material such as resin. The upper housing 30 is made 
from a worked metal sheet and functions as a cover 
body covering the lower housing 20. The reason why 
the upper housing 30 is made from a metal sheet, not 

25 resin, is that the metal has a greater strength than 
the resin and thus can reduce the height of the 
connector. 
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The connector 10 has a card Insertion opening 11 
at the front through which the card 1 is inserted. 
Both inner side surfaces of the lower housing 20 are 
formed with guide rails 12 that guide the card 1 as it 
5 is inserted or retracted. 

A base plate of the lower housing 20 is formed 
with a plurality of grooves 13 in which a plurality of 
contact terminals 40 made from cantilevered contact 
leaf springs are positioned and press-fitted under 
10 pressure, respectively. The contact terminals 40 are 
used as power supply terminals and signal terminals . 
The contact terminals 40 each have at their front ends 
a contact portion 40a projecting in an arc and adapted 
to contact associated one of the plurality of contact 
15 pads formed on the card 1. Terminal portions 40b of 
the contact terminals 40 are soldered to contact pads 
of a printed circuit board of the electronic device , 

A metal contact leaf spring 50 forming one of 
contacts of a write protect switch SWl and a metal 
20 contact leaf spring 60 forming one of contacts of a 
card recognition switch SW2 are secured to the lower 
housing 20 by means of a press fit or a pin. 

The metal upper housing 30 has a pair of leaf 
springs 35a, 35b facing the guide rails 12 to firmly 
25 hold the inserted card 1. 

One bent side plate 30a of the metal upper 
housing 30 is formed with a metal leaf spring 70 that 
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constitutes the other contact of the write protect 
switch SWl. 

On the other hand, a top plate 30b of the upper 
housing 30 has a metal leaf spring 80 formed on the 
5 rear end side thereof which constitutes the other 
contact of the card recognition switch SW2 . 

Firsts the write protect switch SWl made up of 
the contact leaf spring 50 secured to the lower 
housing 20 and the contact leaf spring 70 formed in 

10 the metal upper housing 30 will be explained by 
referring to Figs . 5 , 6A and 6B also . The write 
protect switch SWl detects the slide position of the 
write protect button 3 of the inserted card 1. 

The contact leaf spring 50 secured to the lower 

15 housing 20 is made from a metal piece which comprises 
a terminal portion 51 secured to the contact pad of 
the printed circuit board, a stationary portion 52 
secured to the lower housing 20, a leaf spring portion 
53 extending along the card side surface, and a front 

20 engagement portion 54 projecting in an arc. With the 
stationary portion 52 rigidly fixed, the contact leaf 
spring 50 is supported like a cantilevered beam. The 
front engagement portion 54, as shown in Figs. 6A and 
6B, has an engagement portion 54a and a front contact 

25 portion 54b at the front end of the engagement portion 
54a. The engagement portion 54a engages with the front 
part 2a of the recess 2 formed in the card 1 or the 



write protect button 3 slid to the front part 2a when 
the card 1 is inserted. The contact leaf spring 50 has 
its leaf spring portion 53 urged so that when the card 
1 is inserted, the engagement portion 54a is pressed 
5 against the bottom surface of the front part 2a of the 
recess 2 of the card 1. 

The contact leaf spring 70 extending from the 
side plate 30a of the metal upper housing 30 is made 
from a metal piece which has a leaf spring portion 73 

10 and a front engagement portion 74 projecting in an arc. 
The contact leaf spring 70 also has a contact 
projection 7 5 in the leaf spring portion 73 that 
contacts the front contact portion 54b of the contact 
leaf spring 50. As shown in Fig. 6A and Fig. 6B, the 

15 front engagement portion 74 engages with the rear part 
2b of the recess 2 of the card 1 or the write protect 
button 3 slid to the rear part 2b when the card 1 is 
inserted. The contact leaf spring 70 has its leaf 
spring portion 73 urged so that when the card 1 is 

20 inserted, the front engagement portion 74 is pressed 
against the bottom surface of the rear part 2b of the 
recess 2 of the card 1 . 

In the switch SWl described above, the metal 
upper housing 30 is electrically connected to the 

25 ground of the printed circuit board. The terminal 
portion 51 of the contact leaf spring 50 secured to 
the lower housing 20 is applied an appropriate voltage. 
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In this switch SWl, when the write protect button 
3 of the Inserted card 1 is set at the write-enable 
position, as shown in Fig. 6A, the engagement portion 
54a of the contact leaf spring 50 engages with the 
bottom surface of the front part 2a of the recess 2 of 
the card 1 and the front engagement portion 74 of the 
contact leaf spring 70 engages with the write protect 
button 3 of the card 1. At this time, the two contact 
leaf springs 50, 70 are separated from each other in 
any part and the write protect switch SWl is off. 

When on the other hand the write protect button 3 
is set at the write-disable position, as shown in Fig. 
6B, the engagement portion 54a of the contact leaf 
spring 50 engages with the bottom 3 situated at the 
front part 2a of the recess 2 of the card 1 and the 
front engagement portion 74 of the contact leaf spring 
70 engages with the bottom surface of the rear part 2b 
of the recess 2 of the card 1. At this time, the two 
contact leaf springs 50, 70 are in contact with each 
other through the front contact portion 54b and the 
contact projection 75 and the write protect switch SWl 
is on. 

In the write protect switch SWl made up of the 
two contact leaf springs 50, 70, these contact leaf 
springs 50, 70 are brought into or out of contact with 
each other according to the position of the write 
protect button 3. Thus, electrically detecting the 
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engagement or disengagement between the contact leaf 
springs 50, 70 can determine at which of the write- 
dlsable/write-enable positions the write protect 
button 3 of the IC card 1 is situated. 

In this structure of the switch SWl, at whichever 
of the two slide positions the write protect button 3 
is situated, the engagement portion of one contact 
leaf spring engages with the write protect button 3 
and the engagement portion of the other contact leaf 
spring engages with a part of the recess 2 adjacent to 
the write protect button. Hence, if there is a play 
due to differences between the width of the card 
accommodating portion of the connector 10 and the 
width of the card 1, or parts tolerances or assembly 
tolerances, the shift in the position of the write 
protect button 3 can always cause the contact leaf 
springs 50, 70 to be displaced by a distance equal to 
the height of the write protect button 3 . 

In this structure of the switch SWl, because the 
write protect button 3 and the part of the recess 2 
adjacent to the bottom 3 are used to bring the contact 
leaf springs 50, 70 into or out of contact with each 
other, the directions of displacements of the contact 
leaf springs 50, 70 are opposite. For example, when 
the state changes from the one shown in Fig. 6A where 
the contact leaf springs 50, 70 are separated to the 
one shown in Fig. 6B where the contact leaf springs 50, 



70 abut each other, the contact leaf springs 50, 70 
move toward, each other until they engage . The shift 
from the state of Fig. 6B to the state of Fig. 6A is 
reverse to the process above and the contact leaf 
5 springs 50, 70 move away from each other until they 
are parted. 

As described above, because the structure of the 
switch SWl can engage or disengage the two contact 
leaf springs 50, 70 through their relative 

10 displacement equal to two times the height of the 
write protect button 3, this switch structure is 
effectively applied to a small card which cannot keep 
a sufficient height for the write protect button. 

Next, the card recognition switch SW2 made up of 

15 the contact leaf spring 60 secured to the lower 

housing 20 and the contact leaf spring 80 formed in 
the metal upper housing 30 will be described by 
referring also to Fig. 7. The card recognition switch 
SW2 detects whether or not the card 1 is fully 

20 inserted into the connector 10. 

The contact leaf spring 60 secured to the lower 
housing 20 comprises a terminal portion 61 fixedly 
connected to the contact pad of the printed circuit 
board, a grip portion 62 for gripping the top and 

25 bottom portions of the lower housing 20 to securely 
hold the contact leaf spring 60, a folded leaf spring 
portion 63, an engagement portion 64 protruding to 
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engage with the front end face of the inserted card 1, 
and a folded contact portion 65 projecting upward from 
the leaf spring portion 63. 

On the other hand, the contact leaf spring 80 
5 formed at the rear end portion of the upper housing 30 
is made from a metal piece having a leaf spring 
portion 83 and a front end contact portion 85. 

In this switch SW2, the metal upper housing 30 is 
electrically connected to the ground of the printed 
10 circuit board, as described earlier. The terminal 
portion 61 of the contact leaf spring 60 secured to 
the lower housing 20 is applied an appropriate voltage. 

In this card recognition switch SW2 made up of 
these two contact leaf springs 60, 80, when the card 1 
15 is not inserted, the contact leaf springs 60, 80 have 
their contact portions 65, 85 separated, leaving the 
card recognition switch SW2 turned off. 

When the card 1 is fully inserted into the 
connector 10, the engagement portion 64 of the contact 
20 leaf spring 60 is pushed by the front end face of the 
card 1, displacing the contact portion 65 rearwardly. 
As a result, the contact portion 65 of the contact 
leaf spring 60 and the front end contact portion 85 of 
the contact leaf spring 80 engage with each other, 
25 turning on the card recognition switch SW2 . 

In this embodiment, because the metal upper 
housing 30 as the upper cover of the connector housing 
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is formed with one of paired metal pieces forming the 
write protect switch SWl and with one of paired metal 
pieces forming the card recognition switch SW2 , it is 
possible to reduce the number of parts of the switches 
and simplify the structure for holding the metal 
pieces, which in turn lead to reduced cost and space. 

In the above embodiment, while the button 
position indicated by a solid line in Fig. 1 
corresponds to the write -enable position and the 
position indicated by a dashed line corresponds to the 
write-disable position, the positional relation may be 
reversed, i.e., the button position indicated by the 
solid line in Fig. 1 may correspond to the write- 
disable position and the position indicated by the 
dashed line may correspond to the write-enable 
position , 

In the above embodiment, although the contact 
leaf spring 60 is of a folded type, it may use the 
same type of leaf spring as other contact leaf springs 
50, 70. Further, the leaf springs 50-80 may have any 
other desired shape as long as various states, such as 
the protect button position and the presence or 
absence of an inserted card, are detected by utilizing 
the elastic engagement or disengagement between these 
leaf springs. 

Although the above embodiment uses two switches 
in detecting the protect button position and the 



presence or absence of an inserted card, if additional 
switches are necessary to detect other states, one of 
the paired metal pieces making up each of the 
additional switches need only be formed in the metal 
5 upper housing 30 . 

INDUSTRIAL APPLICABILITY 

As described above, because in this invention the 
metal upper housing as the upper cover of the 
10 connector housing is formed with one of the paired 

contact pieces making up each of one or more switches, 
it is possible to reduce the number of parts of the 
switches and simplify the structure for holding the 
contact pieces, leading to reduced cost and space. 
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WHAT IS CLAIMED IS: 



1. A card connector comprising: 

a connector housing having a lower housing and a 
5 metal upper housing; 

contact terminals arranged to engage with contact 
pads of an inserted card; and 

one or more switches each operated by engagement 
and disengagement of a pair of metal pieces; 
10 wherein one of the each pair of metal pieces 

making up each of said switches is formed in said 
metal upper housing. 

2. A card connector according to claim 1, wherein 
15 said one of each pair of metal pieces is a contact 

leaf spring extending from an end portion of said 
upper housing like a cantilevered beam. 

3. A card connector according to claim 1, wherein 

20 said switch is a card recognition switch to detect the 
presence or absence of the inserted card. 

4 . A card connector according to claim 1 , wherein 
said card has a slidable write protect button at its 

25 side surface and said switch detects a slide position 
of the write protect button. 
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iFf rabow Jr. Reg. No. 2Q,l5aQLJ^rthur S. Garrett, Reg. No_2aaaSLepnald R. Dunner, Reg. No . 19.073; Bria n G. Brunsvotd. Reg. Nq^^^^STTipton D. 
IJ^nings iv' Reg No. 2 0,645: Je nv D. Voight, Reg. No ._23.020: La urence R. Hefter. Reg. No.,22J27^nneth E. Payne, Reg. No,jaj29ajJgrbert H. 
Mintz Reg No.-26,6aii£J.arry O'Rourite. Reg. No_26,ayL&lbert J. Santorelli, Reg. No . 22,610; Mic hael C. Elmer, Reg. No.JgJ^^radiard H. Smith, 
Reg No 20,609^JSlephen L. Peterson, Reg. No_26T325;-Jolifi M. Romary, Reg. N(2^,331; Bruce C. Zotter. Reg. No.^.2Z :^80: Den nis P. O'Reilley, Reg. 
No 27 932- M\en M Sokal, Reg. No.,.26£9§lR2.bert D. Bajefsky, Reg. No. 25.387: RiShj^TTStroup. Reg. No. 28.478; David WTHill, Reg. N Q . ?R,?? fl;. 
Thornas L 'irving. Reg. No.,2L§iaiCharles E. Lipsey, Reg. No._28.t65„Jhomas W. Winland, Reg. NQ.JLigQ£-B3sil J. Lewris, Reg. No_2g,Sl&Martm 
I Fuchs Reg No 28.508: E R obert Yoches. Reg. No. 30,120: Ba rrvW. Graham, Reg. Ng 29.924: S usan Habemian Griffon. Reg. No_aaaQZ; Richard 
B Racine Reg No. SOJl&Thomas H. Jenkins. Reg. No. SO^ST^Robert E. Converse. Jr.. Reg. No. 271432; .Q!§lr X. IWulien. Jr., Reg. No. 2Q.348i_ 
Christopher P. Foley, Reg. No. 31,354; John C. Paul, Reg. Nd^S^HRpger D. Taylor, Reg. No . 28,992; D avid M. Kelly. Reg. No.mSSSU&nneth J. 
Meyers Reg. No.,2SJ46;Carol PjSiaii3irReg. No. 32.220: WaiterYTB^, Jr., Reg. NQ^31Z2§LSteven M. Anzalone, Reg. No-32,095;Jfian B. Fordis, 
Reg No 32 984; g arbairat;. McCurdy, Reg. No . 32.120: James K. Hammond. Reg. Hp. 31.964; Richard V. Burgujian, Reg. No. ^1.744: J^ ichael Jakes, 
Reg Mnj32,p?4: pjfk D. Thomas, Reg. N o..32.60pj: T homas W. Banks, Reg. N o. 32,719; Christopher P. Isaac, Reg. Na._32,616; Bryan crPiner. Reg. No. 
32 409- M Paul Bari<er Reg. No. ^01 3: Andrew Chanho Sonu, Reg. No. 33,457; David S. Fomian, Reg. N o. 33,694; Vin cent P. Kovalick, Reg. No. 32,867; 
■gfig- ' •""-"•"-r ^Ptease address all corresponaence to finnegan, Henderson, farabow, 



ri& RRFTT& niiNNER, L.L.P. 1300 1 Street. N.W.. Washi ngton , D.C. 20005. T elephone No. (202) 408-4000. 

' [hereby declare that all statements made herein of my own knowledge are true and that all statements made on infomiation and belief are believed to 

be tnie- and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Full Name of First Inventor j^^^^^-^^ | Inventor's Signature jc-^^skl A\?^ 


Date 

SecteTter 25, 2001 


Residence B-204, 4-37-12. Minamimagome.Ohta-ku^kyo 143-0025,Japan ^^J^)^ 


Citizenship j^p^^ 


Post Office Address -ditto- 



Listing of Inventors Continued on Page 2 hereof, Yes □ No 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



* ' Attorney Docket No. 

ysSng of Inventors Continued From Page 1 hereof. 



Full Ijame of Second Inventor mATSUDA 


inventor's Signature qXj^ ^J^^^^J^ 




Residence ^ g 2_ Sannoh,Sakura-shi, Chiba 285-0807, Japai^ 


Citizenship Japan 


Post Office Address -ditto- 


Full Name of Third Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Fourth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Fifth Inventor 


Inventor's Signature 


Date 


E^sidence 

iTi 


Citizenship 


f^t Office Address 


f5PI Name of Sixth Inventor 


Inventor's Signature 


Date 


pysidence 


Citizenship 


{Rest Office Address 


fHII Name of Seventh Inventor 

■a 


Inventor's Signature 


Date 


f?|sidence 


Citizenship 


Post Office Address 


Full Name of Eighth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Ninth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Tenth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



FtNNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



FHFGD4/97 



